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PILOT-PROGRAMMABLE ALTITUDE RANGE FILTER 
FOR COCKPIT TRAFFIC DISPLAY 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Application Serial No. 
60/243,239, filed October 25, 2000. 

TECHNICAL FIELD 

This invention relates to systems for displaying traffic-related information on a 
display screen within the cockpit of an aircraft. More particularly, the invention relates to 
a system that determines whether to display at least one target (e,g. an aircraft, a surface 
vehicle, or a ground object) on a display screen based on the target's altitude. 

BACKGROUND OF THE INVENTION 

Aircraft pilots continuously face the threat of colliding with "targets" such as 
ground vehicles, stationary ground-based objects, and other aircraft. Therefore, aircraft 
cockpits often contain a Cockpit Display of Traffic Information (CDTI) for displaying, 



on the CDTTs display screen, icons that represent relevant targets and useful information 
about these targets. Such information may include, for example, the altitude, heading, 
and identification of each target displayed on the CDTL The CDTI may receive this 
target-related information from a surveillance system that receives the information from 
one or more sources, such as the Traffic Information Service (TIS) (which is broadcast 
from a ground system) and from various Automatic Dependent Surveillance-Broadcast 
(ADS-B) signals, which are broadcast from transponders mounted within various targets. 

CDTI systems help pilots avoid collisions by displaying any targets that may pose 
an immediate threat of colliding with the pilots' aircraft. When using a CDTI system, a 
pilot monitors the CDTI display to determine whether there is any immediate danger that 
his aircraft will collide with a target shown on the CDTI display. If so, the pilot uses the 
information displayed on the CDTI to visually locate the threatening target, and to avoid 
colliding with the target. 

In order to help pilots quickly identify targets that pose an immediate threat to 
their aircraft, it is desirable to provide a CDTI display that filters from display any targets 
that do not pose a relatively immediate threat to the aircraft. This allows pilots to focus 
their attention on only truly threatening targets. Accordingly, some prior systems include 
a horizontal range filter to filter targets from display on the CDTI based on the horizontal 
distance between the aircraft containing the CDTI (i.e. the "Own Ship" Aircraft) and the 
various targets detected by the system. For example, a pilot using one of these prior art 
CDTFs might specify that the CDTI should not display any targets that are more than 10 
horizontal miles from the Own Ship. Thus, if the system were to detect a particular target 
that is 15 miles in front of the Own Ship, the CDTI would not display the target. 



Some prior art systems also allow pilots to filter targets from display on the CDTI 
based upon the altitude of the target. For example, some prior art systems are configured 
to filter from display any targets that either: (1) have an altitude that is greater than a 
fixed, pre-determined upper altitude (e.g. 5000 feet above the "Own Ship" aircraft); or (2) 
have an altitude that is less than a fixed, pre-determined lower altitude (e.g. 5000 feet 
below the Own Ship aircraft). In addition, some prior art systems allow a pilot to operate 
the CDTI in three different modes of operation. These modes of operation include look- 
up mode, look-down mode, and look level mode. 

In look-up mode, the fixed, pre-determined upper altitude is generally farther 
away from the Own Ship aircraft than the fixed, pre-determined lower altitude. For 
example, the fixed, pre-determined upper altitude might be 5000 feet above the Own Ship 
aircraft and the fixed, pre-determined lower altitude might be 2000 feet below the Own 
Ship aircraft. Such a configuration is useful when the Own Ship aircraft is ascending 
and, therefore, is at a greater risk of colliding with targets above the Own Ship aircraft 
than below the Own Ship aircraft. 

In look-down mode, the fixed, pre-determined lower altitude is generally farther 
away from the Own Ship aircraft than the fixed, pre-determined upper altitude. For 
example, the fixed, pre-determined upper altitude might be 2000 feet above the Own Ship 
aircraft and the fixed, pre-determined lower altitude might be 5000 feet below the Own 
Ship aircraft. Such a configuration is useful when the Own Ship aircraft is descending 
and, therefore, is at a greater risk of colliding with targets below the Own Ship aircraft 
than above the Own Ship aircraft. 



In look-level mode, the fixed, pre-determined upper altitude is generally about the 
same distance from the Own Ship aircraft as the fixed, pre-determined lower altitude. 
For example, the fixed, pre-determined upper altitude might be 5000 feet above the Own 
Ship aircraft and the fixed, pre-determined lower altitude might be 5000 feet below the 
Own Ship aircraft. Such a configuration is useful when the Own Ship aircraft is flying 
relatively level so that the risk of colliding with targets above the Own Ship aircraft is 
similar to the risk of colliding to the risk of colliding with targets below the Own Ship 
aircraft. 

One disadvantage of prior art CDTI systems is that they are only capable of 
filtering aircraft from display based on fixed, pre-determined altitude thresholds. Thus, 
for example, when operating in look-level mode, such systems may only be capable of 
filtering from display any targets that have an altitude that is either: (1) greater than a 
fixed pre-determined upper altitude of 5000 feet above the Own Ship aircraft; or (2) less 
than a fixed pre-determined lower altitude of 5000 feet below the Own Ship aircraft. 

In some situations, however, it may be desirable to filter targets based on different 
upper and lower threshold altitudes than those fixed by the system. For example, if the 
Own Ship aircraft is flying level in a very crowded area, the pilot may wish to focus his 
attention on targets that are very close to the Own Ship aircraft. Thus, for example, the 
pilot may wish to specify that the system should filter from display any targets that are 
greater than 3000 feet above the Own Ship aircraft, or that are less than 3000 feet below 
the Own Ship aircraft. This would not be possible when using a prior art system, such as 
the system described above, in which the CDTI system is configured to always have an 
upper threshold altitude of 5000 feet above the Own Ship aircraft, and a lower threshold 



altitude of 5000 feet below the Own Ship aircraft when the system is in "look-level" 
mode. 

Similarly, if the same aircraft is flying level in an uncrowded area, the pilot may 
wish to monitor all aircraft that are in the general vicinity of the Own Ship aircraft. In 
such a case, the pilot might wish to specify, for example, that the system should only 
filter from display any targets that are greater than 24,500 feet above the Own Ship 
aircraft and 24,500 feet below the Own Ship aircraft. This would also not be possible 
using the prior art system described above. 

Thus, there is a need for a CDTI system that is capable of filtering targets based 
on threshold altitudes that may be adjusted to account for different flying environments. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide a CDTI system that is capable of filtering 
targets based on threshold altitudes that may be adjusted to account for different flying 
environments. The present invention accomplishes this by providing a system and 
method for: (1) receiving, from a user, a user-specified upper-threshold altitude; (2) 
receiving altitude-related information regarding one or more targets; (3) using the 
altitude-related information to identify one or more targets that have an altitude that is 
greater than the user-specified upper-threshold altitude; and (4) withholding from display 
on a display screen one or more of the identified targets. 

In a preferred embodiment of the invention, the system and method are also 
configured for replacing a current upper-threshold altitude with the user-specified upper- 
threshold altitude. In this preferred embodiment of the invention, the user-specified 
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upper-threshold altitude is defined relative to an altitude of an "Own Ship" aircraft. 
Alternatively, the user-specified upper-threshold altitude is defined relative to the ground 
over which an "Own Ship" aircraft is positioned. 

The present system and method are preferably configured for identifying and 
withholding from display on a display screen one or more targets that have an altitude 
that is less than a current lower-threshold altitude. This current lower-threshold altitude 
is preferably specified by a user and, in a preferred embodiment of the invention, the 
system and method are configured for receiving this current lower-threshold altitude from 
a user. 

This preferred embodiment of the invention is also configured for, in response to 
an Own Ship aircraft landing, resetting the current lower-threshold altitude to a pre- 
defined default lower-threshold altitude. In an alternative embodiment of the invention, 
the current lower-threshold altitude is pre-defined, and is substantially not user- 
modifiable. In a further preferred embodiment of the invention, the system and method 
are also configured for displaying on a display screen any targets that are detected by a 
surveillance system and that have an altitude that is both greater than the current lower- 
threshold altitude and less than the user-specified upper-threshold altitude. 

In yet another embodiment of the invention, the system and method are 
configured for: (1) receiving an exempt target designation identifying at least one exempt 
target that is not to be withheld from display on the display screen based on a relationship 
between the user-specified upper-threshold altitude and an altitude of the exempt target; 
and (2) in response to the exempt target being detected by a surveillance system, 
displaying the exempt target on the display screen regardless of whether an altitude of the 



exempt target is greater than, less than, or equal to the user-specified upper-threshold 
altitude. 

In order to assure that the pilot is aware of the current settings of the altitude 
filter, the system and method are preferably configured for displaying the user-specified 
upper-threshold altitude, a lower-threshold altitude, and a current filtering mode (such as 
look-up mode, look-down mode, or look-level mode) on the display screen. In addition, 
the system and method are also preferably configured so that, in response to an Own Ship 
aircraft landing, or suitable operational control, the system resets the current upper- 
threshold altitude to a pre-defined default upper-threshold altitude. 

In yet another preferred embodiment of the invention, the system and method are 
configured for operation in both a first filtering mode and a second filtering mode, and 
the user-specified upper threshold altitude is a "first" upper-threshold altitude. In this 
embodiment of the invention, the system is configured for: (1) in response to the system 
being operated in the first filtering mode, identifying and withholding from display one or 
more targets having an altitude that is greater than the user-specified upper-threshold 
altitude; and (2) in response to the system being operated in the second filtering mode, 
identifying and withholding from display on a display screen one or more targets that 
have an altitude that is greater than a second upper-threshold altitude. 

A system and method according to this preferred embodiment of the invention are 
further configured so that, in response to an Own Ship aircraft landing, the system and 
method are reconfigured for: (1) in response to the system being operated in the first 
filtering mode, identifying and withholding from display one or more targets having an 
altitude that is greater than a first, pre-defined default upper-threshold altitude; and (2) in 
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response to the system being operated in the second filtering mode, identifying and 
withholding from display one or more targets having an altitude that is greater than a 
second, pre-defined default upper-threshold altitude. 

Yet another preferred embodiment of the invention comprises a system and 
method for: (1) receiving, from a user, a user-specified lower-threshold altitude; (2) 
receiving altitude-related information regarding one or more targets; (3) using the 
altitude-related information to identify one or more targets that have an altitude that is 
less than the user-specified lower-threshold altitude; and (4) withholding from display on 
a display screen one or more of the one or more of the identified targets. 

In a preferred embodiment of the invention, the system and method are also 
configured for replacing a current lower-threshold altitude with the user-specified lower- 
threshold altitude. In this preferred embodiment of the invention, the user-specified 
lower-threshold altitude is defined relative to an altitude of an "Own Ship" aircraft. 
Alternatively, the user-specified lower-threshold altitude is defined relative to the ground 
over which an "Own Ship" aircraft is positioned. 

The present system and method are preferably configured for identifying and 
withholding from display on a display screen one or more targets that have an altitude 
that is greater than a current upper-threshold altitude. This current upper-threshold 
altitude is preferably specified by a user and, in a preferred embodiment of the invention, 
the system and method are configured for receiving this current upper-threshold altitude 
from a user. In an alternative embodiment of the invention, the current upper-threshold 
altitude is pre-defined, and is substantially not user-modifiable. In a further preferred 
embodiment of the invention, the system and method are also configured for displaying 



on a display screen any targets that are detected by a surveillance system and that have an 
altitude that is both less than the current upper-threshold altitude and greater than the 
user-specified lower-threshold altitude. 

This preferred embodiment of the invention is also configured for, in response to 
an Own Ship aircraft landing, resetting the current upper-threshold altitude to a pre- 
defined default upper-threshold altitude. In a further preferred embodiment of the 
invention, the system and method are also preferably configured so that, in response to 
the Own Ship aircraft landing, the system also resets the current lower-threshold altitude 
to a pre-defined default lower-threshold altitude. 

In yet another embodiment of the invention, the system and method are 
configured for: (1) receiving an exempt target designation identifying at least one exempt 
target that is not to be withheld from display on said display screen based on a 
relationship between said user-specified lower-threshold altitude and an altitude of said 
exempt target; and (2) in response to the exempt target being detected by a surveillance 
system, displaying the exempt target on the display screen regardless of whether an 
altitude of the exempt target is greater than, less than, or equal to the user-specified 
lower-threshold altitude. 

In yet another preferred embodiment of the invention, the system and method are 
configured for operation in both a first filtering mode and a second filtering mode, and 
the user-specified lower threshold altitude is a "first" lower-threshold altitude. In this 
embodiment of the invention, the system is configured for: (1) in response to the system 
being operated in the first filtering mode, identifying and withholding from display one or 
more targets having an altitude that is less than the user-specified lower-threshold 
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altitude; and (2) in response to the system being operated in the second filtering mode, 
identifying and withholding from display on a display screen one or more targets that 
have an altitude that is less than a second lower-threshold altitude. 

A system and method according to this preferred embodiment of the invention are 
further configured so that, in response to an Own Ship aircraft landing, the system and 
method are reconfigured for: (1) in response to the system being operated in a first 
filtering mode, identifying and withholding from display one or more targets having an 
altitude that is less than a first, pre-defined default lower-threshold altitude; and (2) in 
response to the system being operated in a second filtering mode, identifying and 
withholding from display one or more targets having an altitude that is less than a second, 
pre-defined default lower-threshold altitude. 

Yet another embodiment of the current invention comprises a computer-readable 
medium comprising computer-executable instructions for performing the steps of: (1) 
receiving an upper-threshold altitude; (2) identifying one or more targets that have an 
altitude that is greater than the upper-threshold altitude; (3) receiving an exempt target 
designation identifying at least one exempt target that is not to be withheld from display 
on said display screen based on a relationship between said upper-threshold altitude and 
an altitude of said exempt target; (4) withholding from display on the display screen one 
or more of the identified targets; and (5) in response to the at least one exempt target 
being detected by the system, displaying the at least one exempt target on the display 
screen regardless of whether an altitude of the at least one exempt target is greater than, 
less than, or equal to the upper-threshold altitude. 



11 

A further embodiment of the current invention comprises a computer-readable 
medium comprising computer-executable instructions for performing the steps of: (1) 
receiving a lower-threshold altitude; (2) identifying one or more targets that have an 
altitude that is less than the lower-threshold altitude; (3) receiving an exempt target 
designation identifying at least one exempt target that is not to be withheld from display 
on said display screen based on a relationship between said lower-threshold altitude and 
an altitude of said exempt target; (4) withholding from display on the display screen one 
or more of the identified targets; and (5) in response to the at least one exempt target 
being detected by the system, displaying the at least one exempt target on the display 
screen regardless of whether an altitude of the at least one exempt target is greater than, 
less than, or equal to the lower-threshold altitude. 

A further embodiment of the invention comprises a computer-readable medium 
comprising computer-executable instructions for performing the steps of: (1) receiving an 
upper-threshold altitude; (2) identifying one or more targets that have an altitude that is 
greater than the upper-threshold altitude; (3) withholding from display one or more of the 
identified targets; and (4) in response to an Own Ship aircraft landing, resetting the 
upper-threshold altitude to a pre-defined default upper-threshold altitude. 

An additional embodiment of the invention comprises a computer-readable 
medium comprising computer-executable instructions for performing the steps of: (1) 
receiving a lower-threshold altitude; (2) identifying one or more targets that have an 
altitude that is less than the lower-threshold altitude; (3) withholding from display one or 
more of the identified targets; and (4) in response to an Own Ship aircraft landing, 
resetting the lower-threshold altitude to a pre-defined default lower-threshold altitude. 
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Yet another embodiment of the invention comprises a computer-readable medium 
comprising computer-executable instructions for performing the steps of: (1) receiving 
information that indicates a current operating mode; (2) receiving information regarding 
an altitude of one or more targets; (3) in response to the current operating mode 
corresponding to a first operating mode, executing the steps of: (A) using the information 
regarding an altitude of one or more targets to identify one or more targets having an 
altitude greater than a first upper-threshold altitude; and (B) withholding from display on 
a display screen one or more of the targets identified in step A; (4) in response to the 
current operating mode corresponding to a second operating mode, executing the steps 
of: (C) using the information regarding an altitude of one or more targets to identify one 
or more targets having an altitude greater than a second upper-threshold altitude; and (D) 
withholding from display on a display screen one or more of the targets identified in step 
C; (5) in response to an Own Ship aircraft landing, resetting the first upper-threshold 
altitude to a pre-defined first default upper-threshold altitude; and (6) in response to an 
Own Ship aircraft landing, resetting the second upper-threshold altitude to a pre-defined 
second default upper-threshold altitude. 

A further embodiment of the invention includes a computer-readable medium 
comprising computer-executable instructions for performing the steps of: (1) receiving 
information that indicates a current operating mode; (2) receiving information regarding 
an altitude of one or more targets; (3) in response to the current operating mode 
corresponding to a first operating mode, executing the steps of: (A) using the information 
regarding an altitude of one or more targets to identify one or more targets having an 
altitude that is less than a first lower-threshold altitude; and (B) withholding from display 
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on a display screen one or more of the targets identified in step A; (4) in response to the 
current operating mode corresponding to a second operating mode, executing the steps 
of: (C) using the information regarding an altitude of one or more targets to identify one 
or more targets having an altitude that is less than a second lower-threshold altitude; and 
(D) withholding from display on a display screen one or more of the targets identified in 
Step C; (5) in response to an Own Ship aircraft landing, resetting the first lower-threshold 
altitude to a pre-defined first default lower-threshold altitude; and (6) in response to an 
Own Ship aircraft landing, resetting the second lower-threshold altitude to a pre-defined 
second default lower-threshold altitude. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Having thus described the invention in general terms, reference will now be made 
to the accompanying drawings, which are not necessarily drawn to scale, and wherein: 

Figure 1 is a pictorial view of a CDTI display. 

Figure 2 is a graphical depiction of the functionality of an altitude range filter 
according to a preferred embodiment of the invention when the altitude range filter is in 
"Look Up" Mode. 

Figure 3 is a graphical depiction of the functionality of an altitude range filter 
according to a preferred embodiment of the invention when the altitude range filter is in 
"Look Level" Mode. 

Figure 4 is a graphical depiction of the functionality of an altitude range filter 
according to a preferred embodiment of the invention when the altitude range filter is in 
"Look Down" Mode. 
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Figure 5 is a graphical depiction of an Own Ship aircraft and several targets that 
are positioned relative to the Own Ship aircraft at different altitudes. 

Figure 6 is a pictorial view of a control panel according to a preferred 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention now will be described more fully hereinafter with reference 

to the accompanying drawings, in which preferred embodiments of the invention are 

shown. This invention may, however, be embodied in many different forms and should 

not be construed as limited to the embodiments set forth below. Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and will 

fully convey the scope of the invention to those skilled in the art. Like numbers refer to 

like elements throughout. 
**** 

General Operation of the Invention 

An adjustable altitude range filter according to a preferred embodiment of the 
invention is configured for use with a CDTI, the display of which is shown in Figure 1. 
As shown in Figure 1, such a display 5 includes an "Own Ship" symbol 10 that represents 
the aircraft in which the CDTI is located. This aircraft is called the "Own Ship" aircraft. 
The CDTI display also includes symbols that represent various targets 12 (such as other 
aircraft, ground-based vehicles, and stationary ground-based objects) that are in the 
general proximity of the Own Ship aircraft 10. The display 5 may also include 
information concerning the various targets, such as the identity of the targets 12, the 
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altitude 16 of the targets 12, and a symbol 18 (such as an upwardly or downwardly 
directed arrow) that indicates whether the Own Ship aircraft 10 is ascending or 
descending. The altitude of the target may either be expressed an absolute altitude (the 
altitude of the target relative to the ground), or as a relative altitude (the altitude of the 
target relative to the Own Ship aircraft). To aid the pilot in reading the display, the 
system may display an absolute/relative altitude indicator 26 in the lower right hand 
corner of the screen. When the system is displaying altitudes in relative terms, the 
absolute/relative indicator is the character "R" When the system is displaying altitudes 
in absolute terms, the absolute/relative indicator is the character "P". 

In a preferred embodiment of the invention, an upwardly directed arrow is 
displayed immediately to the left of any targets 12 that are ascending at a rate of 500 feet 
per minute or more. Similarly, a downwardly directed arrow is displayed immediately to 
the left of any targets 12 that are descending at a rate of 500 feet per minute or more. 
Neither an upwardly directed arrow nor a downwardly directed arrow is displayed next to 
targets that are ascending or descending at a rate of less than 500 feet per minute. 

As will be understood by one skilled in the art, when a particular aircraft is in a 
crowded area, such as the airspace surrounding a major airport, the CDTI 5 may be 
capable of displaying many targets that are so far above or below the Own Ship aircraft 
that there is little risk of collision between the targets and the Own Ship aircraft. The 
presence of such targets on the CDTI display tends to clutter the CDTI display, which 
makes it difficult for a pilot to use the display to identify and track targets that pose an 
immediate threat to the Own Ship aircraft. The current invention serves to declutter a 
CDTI display by providing an altitude filter for withholding from display on the CDTI 
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targets that have an altitude that is either: (1) greater than an upper-threshold altitude; or 
(2) less than a lower-threshold altitude. In a preferred embodiment of the invention, this 
altitude filter is a software-based application. However, as will be understood by one 
skilled in the relevant art, the altitude filter of the present invention could be embodied in 
many other forms. For example, the altitude filter could be embodied in the form of 
firmware, hardware, or a Programmed Logic Controller (PLC). 

In order to allow a pilot to adjust the altitude filter to accommodate existing traffic 
conditions, either the upper-threshold altitude, the lower-threshold altitude, or both the 
upper-threshold altitude and the lower-threshold altitude may be specified by a user of 
the CDTL Such users may, for example, include a pilot of the Own Ship aircraft. A user 
may adjust the altitude filter using an input device such as the control panel 620 shown in 
Figure 6. 

Automatic Adjustment of Threshold Altitudes 

In an optional feature of the invention, the altitude filter could automatically 
adjust either the upper-threshold altitude, the lower-threshold altitude, or both the upper- 
threshold altitude and the lower-threshold altitude in response to current flight conditions, 
such as a rapid change in the rate of ascent or descent of the Own Ship aircraft. More 
particularly, the altitude filter may, in response to the Own Ship aircraft either increasing 
its rate of ascent, decreasing its rate of ascent, increasing its rate of descent, decreasing its 
rate of decent, or neither substantially increasing nor decreasing its rate or ascent or 
descent: (1) decrease the upper- threshold altitude and not modify the lower-threshold 
altitude; (2) decrease the upper-threshold altitude and increase the lower-threshold 
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altitude; (3) decrease the upper-threshold altitude and decrease the lower-threshold 
altitude; (4) increase the upper-threshold altitude and not modify the lower-threshold 
altitude; (5) increase the upper-threshold altitude and increase the lower-threshold 
altitude; (6) increase the upper-threshold altitude and decrease the lower-threshold 
altitude; (7) not modify the upper-threshold altitude, and not modify the lower-threshold 
altitude; (8) not modify the upper-threshold altitude, and increase the lower-threshold 
altitude; or (9) not modify the upper-threshold altitude, and decrease the lower-threshold 
altitude. For example, the altitude filter may be programmed, in response to the Own 
Ship aircraft increasing its rate of ascent, to increase the upper-threshold altitude (for 
example, from 3000 feet above the Own Ship aircraft to 4000 feet above the Own Ship 
aircraft) and not modify the lower-threshold altitude. 

Similarly, the altitude filter might, in response to the Own Ship aircraft 
displaying, at a single time, either a specified number of targets, more targets than a 
specified number, or less targets than a specified number: (1) decrease the upper- 
threshold altitude and not modify the lower-threshold altitude; (2) decrease the upper- 
threshold altitude and increase the lower-threshold altitude; (3) decrease the upper- 
threshold altitude and decrease the lower-threshold altitude; (4) increase the upper- 
threshold altitude and not modify the lower-threshold altitude; (5) increase the upper- 
threshold altitude and increase the lower-threshold altitude; (6) increase the upper- 
threshold altitude and decrease the lower-threshold altitude; (7) not modify the upper- 
threshold altitude, and not modify the lower-threshold altitude; (8) not modify the upper- 
threshold altitude, and increase the lower-threshold altitude; or (9) not modify the upper- 
threshold altitude, and decrease the lower-threshold altitude. For example, the altitude 
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filter may be programmed to automatically decrease the upper-threshold altitude (e.g., 
from 4,000 feet above the aircraft to 3,000 feet above the aircraft) and increase the lower- 
threshold altitude (e.g. from 4,000 feet below the aircraft to 3,000 feet below the aircraft) 
in response to the CDTI displaying more than 35 targets at once. 

Designation of Exempt Targets 

In some situations, it is desirable to track certain targets even if the targets have an 
altitude that is lower than a lower-threshold altitude, or greater than an upper-threshold 
altitude. Thus, in a preferred embodiment of the invention, a user may specify one or 
more "exempt" targets that are displayed regardless of whether the altitude of the exempt 
target is greater than, less than, or equal to an upper-threshold altitude, and regardless of 
whether the altitude of the exempt target is greater than, less than, or equal to a lower- 
threshold altitude. In an alternative embodiment of the invention, the user may specify 
that a particular exempt target is to be withheld from display if its altitude is less than a 
lower-threshold altitude, but not if its altitude is greater than an upper-threshold altitude. 
Similarly, the user may specify that a particular exempt target is to be withheld from 
display if its altitude is greater than an upper-threshold altitude, but not if its altitude is 
less than a lower-threshold altitude. 

An example of specifying one or more "exempt" targets will now be discussed 
with reference to Figure 5. In this example, an upper-threshold altitude 514 has been set 
to 2,500 feet above the Own Ship aircraft 510, and a lower-threshold altitude 512 has 
been set to 9,500 feet below the Own Ship aircraft 510. As may be understood from 
Figure 5, a first target 516A is located above the upper-threshold altitude 514, a second 



19 

target 51 6B is located above the lower-threshold altitude 512 and below the upper- 
threshold altitude 514, and a third target 516C is located below the lower-threshold 
altitude 512. 

Normally, if none of the first, second, and third targets 51 6A, 51 6B, and 51 6C are 
specified as "exempt" targets, these targets will be displayed if their altitude is above the 
lower-threshold altitude 512 and below the upper-threshold altitude 514, and withheld 
from display if their altitude is either below the lower-threshold altitude 512 or above the 
upper-threshold altitude 514. Thus, in such a situation, the first and third targets 516A, 
516C would be withheld from display on the CDTI display 5 and the second target 516B 
would be displayed on the CDTI display 5. However, if any of the first through third 
targets 51 6A - 51 6C had been identified as "exempt" targets, in a preferred embodiment 
of the invention, the targets that had been identified as exempt would be displayed 
regardless of whether they are positioned at an altitude that is greater than, less than, or 
equal to the lower-threshold altitude 512, and regardless whether they are positioned at an 
altitude that is greater than, less than, or equal to the upper-threshold altitude 514. Thus, 
all three targets 516A - 516C would be displayed on the CDTI display 5. 

The system may also be configured to automatically classify one or more targets 
as exempt based upon the flight characteristics of the target. For example, in one 
embodiment of the invention, the system is configured to identify targets that are on 
course to collide with, or pass close to, the Own Ship aircraft, and to classify these targets 
as exempt targets. In a preferred embodiment of the invention, such an "exempt" target 
is displayed regardless of whether the altitude of the exempt target is greater than, less 
than, or equal to an upper-threshold altitude, and regardless of whether the altitude of the 
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exempt target is greater than, less than, or equal to a lower-threshold altitude. In an 
alternative embodiment of the invention, such an "exempt" target is withheld from 
display if its altitude is less than a lower-threshold altitude, but not if its altitude is greater 
than an upper-threshold altitude. In a further alternative embodiment of the invention, 
such an exempt target is withheld from display if its altitude is greater than an upper- 
threshold altitude, but not if its altitude is less than a lower-threshold altitude. 

Operating Modes of a Preferred Embodiment o f the Invention 

It is often useful for a pilot to be able to quickly switch between two or more pre- 
set altitude filter "modes of operation" that have different upper threshold altitude/lower 
threshold altitude combinations. In a preferred embodiment of the invention, the altitude 
filter is configured to be switched between a "Look Up" mode having a first upper 
threshold altitude/lower threshold altitude combination, a "Look Level" mode having a 
second upper threshold altitude/lower threshold altitude combination, and a "Look 
Down" mode having a third upper threshold altitude/lower threshold altitude 
combination. A user may use an input device, such as the control panel 620 shown in 
Figure 6, to switch between the "Look Up", "Look Down", and "Look Level" modes. 
These modes are discussed in more detail below. 

«fc #{C 3^ 

Look Up Mode 

In certain situations, it is more important for the pilot of the Own Ship aircraft to 
be aware of targets that are above the Own Ship aircraft than those below the Own Ship 
aircraft. For example, when an Own Ship aircraft is ascending rapidly, it is especially 
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important that the pilot be aware of targets above the Own Ship aircraft. This is because 
the Own Ship aircraft is closing the distance between itself and higher targets and is thus 
at a greater risk of colliding with targets above the Own Ship aircraft than below. 

To aid pilots in such situations, the altitude range filter may be operated in a 
"Look Up" operational mode. In this mode, the upper threshold altitude is generally set 
so that the Own Ship aircraft is farther away from the upper threshold altitude than the 
lower threshold altitude. Also, in a preferred embodiment of the Look Up Mode, the 
lower threshold altitude is set to a pre-defined value that may not be changed by a user, 
but a user may adjust the upper threshold altitude to accommodate current flying 
conditions. 

For example, in a preferred embodiment of the invention, when the filter is in 
"Look Up" mode, the lower threshold altitude is automatically set to a value of 2,500 
vertical feet below the bottom of the Own Ship aircraft. This lower threshold value is 
preferably not modifiable by a user in this mode. However, the upper threshold altitude 
may be specified by a user to be within a relatively wide range of potential upper 
threshold altitudes. For example, in a preferred embodiment of the invention, the pilot 
may specify an upper threshold altitude by using alphanumeric keys 610 on a control 
panel 620 (such as the control panel 620 shown in Figure 6) to select an upper altitude 
threshold that is between 1,500 and 24,500 feet above the Own Ship aircraft. In a 
preferred embodiment of the invention, the pilot may make this selection by scrolling 
through this range of altitudes in 1,000 foot increments. 

In one particular example, shown in Figure 2, a pilot has specified that the altitude 
filter should operate in Look Up mode. As a result, the lower threshold altitude 212 is 
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automatically set to 2,500 feet below the Own Ship 210 aircraft. Furthermore, the pilot 
has set the upper threshold altitude 214 to be 9,500 feet above the Own Ship aircraft 210. 
In this example, if the pilot were to suddenly increase the rate at which the Own Ship 
aircraft is ascending, the pilot might wish to specify that the CDTI should display targets 
that are located even farther above the Own Ship aircraft 210 than the current upper 
threshold altitude 214. Thus, for example, the pilot might reprogram the altitude filter so 
that the upper threshold altitude 214 is 14,500 feet above the aircraft, rather than 9,500 
feet. 

In an alternative embodiment of the invention, when the system is in "Look Up 

Mode" a user may specify both the upper threshold altitude and the lower threshold 

altitude. Thus, for example, a user may define the upper threshold altitude to be 9,500 

feet above the Own Ship aircraft and the lower threshold altitude to be 3,500 feet below 

the aircraft. If desired, the user may change these upper and lower threshold altitudes to, 

for example, 5,500 feet above the Own Ship aircraft and 2,500 below the Own Ship 

aircraft, respectively. 
**** 

Look Level Mode 

In certain situations, such as when the Own Ship aircraft is neither ascending nor 
descending, it is equally important for the pilot of the Own Ship aircraft to be aware of 
targets that are above the Own Ship aircraft as it is to be aware of those targets that are 
below the Own Ship aircraft. To aid pilots in such situations, the altitude range filter may 
be operated in "Look Level" mode. In this mode, the upper threshold altitude is 
generally defined so that the Own Ship aircraft is equidistant from the upper threshold 
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altitude and the lower threshold altitude. In a preferred embodiment of the invention, the 
system is configured to allow a user to simultaneously adjust both the upper threshold 
altitude and the lower threshold altitude to accommodate current flying conditions. 

For example, in one embodiment of the invention, when the filter is in "Look 
Level" mode, the upper threshold altitude and the lower threshold altitude may both be 
specified by a user within a relatively wide range of potential values. For example, in a 
preferred embodiment of the invention, the pilot may simultaneously define the upper 
threshold altitude and the lower threshold altitude by using alphanumeric keys 610 on a 
control panel 620 (such as the control panel 620 shown in Figure 6) to select, in 1,000 ft 
increments, the vertical distance between the Own Ship aircraft and both the upper 
threshold altitude and the lower threshold altitude. This vertical distance is preferably 
between 1,500 feet and 24,500 feet. 

For example, as shown in Figure 3, a pilot has defined both the upper threshold 
altitude 314 and the lower threshold altitude 312 to be 2,500 vertical feet from the Own 
Ship aircraft 310. In this example, if the pilot were to wish to specify that the CDTI 
should display targets that are located even farther above and below the Own Ship 
aircraft than 2,500 feet, the pilot could reprogram the altitude filter so that, for example, 
both the lower threshold altitude and the upper threshold altitude are 7,500 feet from the 
Own Ship aircraft. 

Look Down Mode 

In certain situations, it is more important for the pilot of the Own Ship aircraft to 
be aware of targets that are below the Own Ship aircraft than those above the Own Ship 
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aircraft. For example, when an Own Ship aircraft is descending rapidly, it is especially 
important that the pilot be aware of targets below the Own Ship aircraft. This is because 
the Own Ship aircraft is closing the distance between itself and lower targets and is thus 
at a greater risk of colliding with targets below the Own Ship aircraft than above. 

To aid pilots in such situations, the altitude range filter may be operated in "Look 
Down" mode. In this mode, the lower threshold altitude is generally defined as being 
farther away from the Own Ship aircraft than the upper threshold altitude. Also, in a 
preferred embodiment of the Look Down Mode, the upper threshold altitude is set to a 
pre-defined value that may preferably not be changed by a user, but a user may adjust the 
lower threshold altitude to accommodate current flying conditions. 

For example, in a preferred embodiment of the invention, when the filter is in 
"Look Down" mode, the upper threshold altitude is automatically set to a value of 2,500 
vertical feet above the bottom of the Own Ship aircraft. In a preferred embodiment of the 
invention, this value may not be modified by a user. However, the lower threshold 
altitude may be specified by a user within a relatively wide range of potential lower 
altitude threshold altitudes. For example, in a preferred embodiment of the invention, the 
pilot may define the lower threshold altitude by using alphanumeric keys 610 on a control 
panel 620 (such as the control panel 620 shown in Figure 6) to select, in 1,000 ft 
increments, a lower threshold altitude that is between 1,500 and 24,500 feet. 

In one particular example, shown in Figure 4, a pilot has specified that the altitude 
filter should operate in Look Down mode. As a result, the upper threshold altitude 414 is 
automatically set to 2,500 feet above the Own Ship aircraft 410. Furthermore, the pilot 
has specified that the lower threshold altitude 412 is 9,500 feet below the Own Ship 
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aircraft 410. In this example, if the pilot were to suddenly increase the rate at which the 
Own Ship aircraft 410 is descending, the pilot might wish to specify that the CDTI should 
display targets that are located even farther below the Own Ship aircraft 410. Thus, for 
example, the pilot might reprogram the altitude filter so that the lower threshold altitude 
414 is 14,500 feet below the aircraft, rather than 9,500 feet. 

In an alternative embodiment of the invention, when the system is in "Look Down 
Mode" a user may specify both the upper threshold altitude and the lower threshold 
altitude. Thus, for example, a user may define the lower threshold altitude to be 9,500 
feet below the Own Ship aircraft and the upper threshold altitude to be 3,500 feet above 
the aircraft. If desired, the user may change these lower and upper threshold altitudes to, 
for example, 5,500 feet below the Own Ship aircraft and 2,500 above the Own Ship 
aircraft, respectively. 

sjc #|c 

Display of Mode and Range Information on the Display Screen 

In a further preferred embodiment of the invention, the system is configured to 
display information regarding the current operating parameters of the altitude filter in the 
bottom right hand corner of the CDTI screen. As shown in Figure 1, this information 
includes the current mode of the filter 20, the current upper threshold altitude 22 and the 
current lower threshold altitude 24. These current upper and lower threshold altitudes 
may preferably be displayed in either absolute or relative terms. 

The system may also display an absolute/relative altitude indicator 26 in the lower 
right hand corner of the CDTI 5. When the system is displaying the current upper and 
lower threshold altitudes in relative terms, the absolute/relative altitude indicator 26 is the 
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alphanumeric character "R" When the system is displaying the current upper and lower 
threshold altitudes in absolute terms, the absolute/relative altitude indicator 26 is the 
alphanumeric character "P" 

The system preferably indicates the current mode of the filter by displaying a 
current mode indicator 20 in the lower right-hand corner of the screen. In a preferred 
embodiment of the invention, when the system is operating in Look Level Mode, the 
current mode indicator 20 comprises the characters "LVL". Similarly, when the system 
is operating in Look Up Mode, the current mode indicator 20 preferably comprises the 
characters "LKt". Furthermore, when the system is operating in Look Down Mode, the 
current mode indicator 20 preferably comprises the characters "LK>1'\ According to a 
preferred aspect of the invention, when no altitude reading for the Own Ship is available, 
the current mode indicator 20 comprises the characters "ALT LOST". 

The system preferably indicates the upper and lower threshold altitudes by 
displaying upper and lower threshold altitude indicators (22 and 24, respectively) in the 
lower right-hand corner of the screen. Although any nomenclature known in the art may 
be used to display the upper and lower threshold altitudes, in a preferred embodiment of 
the invention, the number of thousands of feet in a current threshold altitude is 
represented by one or more standard, non-superscripted alphanumeric characters, and the 
number of hundreds of feet in a current threshold altitude in represented by a 
superscripted alphanumeric character immediately to the right of the one or more 
standard alphanumeric characters. In addition, if the threshold altitudes are being 
displayed in relative terms (i.e. relative to the altitude of the Own Ship aircraft), a 
symbol is displayed to the immediate left of the upper threshold altitude value, and a "-" 
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symbol is displayed to the immediate left of the lower threshold altitude value. If the 
threshold altitudes are being displayed in absolute terms (i.e. relative to the ground), 
neither a "+" nor a "-" symbol is displayed to the immediate left of the lower threshold 
value. Thus, for example, an absolute upper threshold altitude of 20,500 feet would 
preferably be displayed as "20 5 ", and a relative upper threshold altitude of 2,500 feet 
above the aircraft would preferably be displayed as "+2 5 ". Similarly, an absolute lower 
threshold altitude of 8,500 feet would preferably be displayed as "8 5 ", and a relative 
lower threshold altitude of 2,500 feet below the aircraft would preferably be displayed as 
"-2 5 . 

H? *i» H* »i* 

Resetting of Altitude Filter Parameters 

A preferred embodiment of the invention is also configured to automatically reset 
the various parameters of the altitude range filter to various default values in response to 
the Own Ship aircraft landing. In this preferred embodiment, in response to the Own 
Ship landing, the altitude filter automatically reconfigures the system so that: (1) when 
the filter is in Look Up mode, the upper threshold altitude is 9,500 feet above the aircraft 
and the lower threshold altitude is 2,500 feet below the aircraft; (2) when the filter is in 
Look Level mode, the upper threshold altitude is 2,500 feet above the aircraft and the 
lower threshold altitude is 2,500 feet below the aircraft; and (3) when the filter is in Look 
Down mode, the upper threshold altitude is 2,500 feet above the aircraft and the lower 
threshold altitude is 9,500 feet below the aircraft. In addition, the altitude filter is set to a 
default starting mode. In a preferred embodiment of the invention, this default starting 
mode is the "Look Level" mode. 
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**** 

Conclusion 

Many modifications and other embodiments of the invention will come to mind to 
one skilled in the art to which this invention pertains having the benefit of the teachings 
presented in the foregoing descriptions and the associated drawings. Therefore, it is to be 
understood that the invention is not to be limited to the specific embodiments disclosed 
and that modifications and other embodiments are intended to be included within the 
scope of the appended claims. Although specific terms are employed herein, they are 
used in a generic and descriptive sense only and not for purposes of limitation. 



